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ABUSIVELY MOLDED ARTICLE
INCLUDING UV-STABLE POLYCARBONATE

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s the National Stage of International
Application No. PCT/IB2016/057548, filed Dec. 12, 2016,
which claims the benefit of European Application No.

15382633 .4 filed Dec. 16, 2015, the disclosures of which are
incorporated herein by this reference in their entireties.

FIELD OF THE DISCLOSURE

The present disclosure relates to 1njection-molded
articles, and 1n particular injection molded articles including
a polycarbonate resin that retain desirable physical proper-
ties after processing under high heat conditions.

BACKGROUND OF THE DISCLOSURE

Polycarbonates are used 1n a wide variety of applications
because they exhibit a good balance of properties, including
moldability, mechanical properties (e.g., impact strength)
and transparency. For outdoor applications, a UV stabilizer
1s added to the polycarbonate to improve 1ts weatherability
when exposed to light containing UV radiation. The UV
absorbing component absorbs the UV radiation and dissi-
pates 1ts energy via unreactive pathways, which stabilizes
the polycarbonate and prevents yellowing of the molded
article.

Typical molding conditions for molded polycarbonate
articles such as those used 1n automotive lighting lens (e.g.,
headlamp) and other applications utilize maximum tempera-
tures of from about 280-290 degrees Celsius (° C.). Poly-
carbonate resin, which 1s a desirable material for such
applications because of its high transparency and good
impact properties, can be injection molded into many useful
articles at these temperatures. Increasing demands for more
highly shaped and lighter weight articles (1.e., articles hav-
ing a reduced wall thickness), however, result 1n a need to
increase the temperature of the polycarbonate resin during
molding so that it has suflicient flow (low enough viscosity)
to fill the entire mold. In addition, 1t may be desirable to
increase the amount of time that the polycarbonate resin 1s
held at these elevated temperatures to ensure that the poly-
carbonate 1s set 1n the mold. This may be particularly
desirable in multicomponent (e.g., 2-component or 2K)
molding applications.

One particular challenge when injection molding articles
at elevated temperatures and/or for longer residence times 1s
that these temperatures and/or times may result 1n decom-
position of the polycarbonate resin. Decomposition of poly-
carbonate resin can result in the molded article having
several undesirable properties, including but not limited to
color change (e.g., vellowing), reduction in mechanical
properties (e.g., impact strength), loss of chemical resis-
tance, and reduced weatherability. Even when processed at
standard (e.g., 280-290° C.) temperatures, injection-molded
polycarbonate articles can have some of these undesirable
properties. To minimize this, the polycarbonate resin typi-
cally includes a heat stabilizer, a release agent and a UV
absorber. To ensure that the molded article including these
components has a stable color following processing, they
should be stable under the processing conditions to avoid
yellowing from decomposition of the components. A mini-
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2

mum level of free UV absorber i1s desirable to ensure
long-term stability during weathering 1n outdoor applica-
tions.

Typical UV absorbers used in polycarbonate molding
applications are of the benzotriazole type, which are readily
available, have a low absorption to visible light and have a
low cost. These benzotriazole UV absorbers, however, con-
tain a reactive —OH group, which has a tendency to react
with the polycarbonate chain, leading to loss of UV absorp-
tion functionality. Benzotriazole absorbers having bulky
side groups are less susceptible to reaction of the reactive
—OH group, but tend to have more absorption 1n the visible
range, which leads to a molded article having a yellow color.
As a result, such absorbers are not preferred. UV absorbers
having functional groups other than those in the benzotri-
azole class (such as hydrazines and triazines) can also
contain reactive groups that decompose upon processing,
leading to discoloration. Color stability upon processing can
typically be improved by adding a heat stabilizer (including
but not limited to phosphite and triphenylphosphine com-
pounds), but they may not prevent reactivity of the UV
absorber with the polycarbonate chain.

Other options to accommodate the market trend 1s to
improve the tlow of the polycarbonate at lower temperatures
by reducing the molecular weight of the polycarbonate. This
also results in decreased mechanical properties (e.g., impact
strength) and chemical resistance, however, and 1s undesir-
able for many molding applications.

These and other shortcomings are addressed by aspects of
the present disclosure.

BRIEF DESCRIPTION OF THE FIGURES

In the drawings, which are not necessarily drawn to scale,
like numerals may describe similar components 1n difierent
views. Like numerals having different letter suflixes may
represent different instances of similar components. The
drawings illustrate generally, by way of example, but not by
way of limitation, various embodiments discussed in the
present document.

FIG. 1 1s a graph showing the level of bound UV
absorbing component 1n samples as a function of processing
conditions.

SUMMARY

Aspects of the disclosure relate to a molded article
including a polycarbonate resin, an ultraviolet (UV) absorb-
ing component, a heat stabilizer component and an acid
stabilizer component. The polycarbonate resin 1s produced
by an interfacial polymerization process and has an endcap
level of at least about 98%. The molded article includes a
ratio of bound UV absorbing component to free UV absorb-
ing component of less than about 1.0 when molded under
abusive molding conditions.

In other aspects a method for forming a molded article
includes: combining a polycarbonate resin produced by an
interfacial polymerization process and having an endcap
level of at least about 98%, a UV absorbing component, a
heat stabilizer component and an acid stabilizer component
to form a mixture; and forming a molded article from the
mixture by molding the mixture under abusive molding
conditions. The molded article includes a ratio of bound UV
absorbing component to free UV absorbing component of
less than about 1.0 when molded under abusive molding
conditions.
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DETAILED DESCRIPTION

The present disclosure can be understood more readily by
reference to the following detailed description of the dis-
closure and the Examples included theremn. In various
aspects, the present disclosure pertains to molded articles
including a polycarbonate resin, an ultraviolet (UV) absorb-
ing component, a heat stabilizer component and an acid
stabilizer component. In certain aspects the molded article
includes a ratio of bound UV absorbing component to free
UV absorbing component of less than about 1.0 when
molded under abusive molding conditions, and the polycar-
bonate resin 1s produced by an interfacial polymerization
process and has an endcap level of at least about 98%.

Before the present compounds, compositions, articles,
systems, devices, and/or methods are disclosed and
described, 1t 1s to be understood that they are not limited to
specific synthetic methods unless otherwise specified, or to
particular reagents unless otherwise specified, as such can,
of course, vary. It 1s also to be understood that the termi-
nology used herein 1s for the purpose of describing particular
aspects only and 1s not mtended to be limiting.

Various combinations of elements of this disclosure are
encompassed by this disclosure, e.g., combinations of ele-
ments from dependent claims that depend upon the same
independent claim.

Moreover, 1t 1s to be understood that unless otherwise
expressly stated, 1t 1s 1n no way intended that any method set
forth herein be construed as requiring that its steps be
performed 1n a specific order. Accordingly, where a method
claim does not actually recite an order to be followed by 1ts
steps or 1t 1s not otherwise specifically stated in the claims
or descriptions that the steps are to be limited to a specific
order, 1t 1s no way itended that an order be inferred, 1n any
respect. This holds for any possible non-express basis for
interpretation, including: matters of logic with respect to
arrangement ol steps or operational flow; plain meaning
derived from grammatical organization or punctuation; and
the number or type of embodiments described 1n the speci-
fication.

All publications mentioned herein are incorporated herein
by reference to disclose and describe the methods and/or
materials in connection with which the publications are
cited.

Definitions

It 1s also to be understood that the terminology used herein
1s for the purpose of describing particular aspects only and
1s not intended to be limiting. As used 1n the specification
and 1n the claims, the term “comprising” can include the
embodiments “consisting of” and “consisting essentially
0f.” Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
disclosure belongs. In this specification and in the claims
which follow, reference will be made to a number of terms
which shall be defined herein.

As used 1n the specification and the appended claims, the
singular forms “a,” “an” and “‘the” include plural referents
unless the context clearly dictates otherwise. Thus, for
example, reference to “a polycarbonate” includes mixtures
of two or more polycarbonate polymers.

As used herein, the term “combination” 1s inclusive of
blends, mixtures, alloys, reaction products, and the like.

Ranges can be expressed herein as from one particular
value, and/or to another particular value. When such a range
1s expressed, another aspect includes from the one particular
value and/or to the other particular value. Similarly, when
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4

values are expressed as approximations, by use of the
antecedent ‘about,” 1t will be understood that the particular
value forms another aspect. It will be further understood that
the endpoints of each of the ranges are significant both in
relation to the other endpoint, and independently of the other
endpoint. It 1s also understood that there are a number of
values disclosed herein, and that each value 1s also herein
disclosed as “about” that particular value 1n addition to the
value 1tself. For example, 11 the value “10” 1s disclosed, then
“about 10” 1s also disclosed. It 1s also understood that each
unit between two particular units are also disclosed. For
example, 11 10 and 15 are disclosed, then 11, 12, 13, and 14
are also disclosed.

As used herein, the terms “about” and “at or about” mean
that the amount or value 1n question can be the value
designated some other value approximately or about the
same. It 1s generally understood, as used herein, that 1t 1s the
nominal value indicated £10% variation unless otherwise
indicated or inferred. The term 1s mntended to convey that
similar values promote equivalent results or effects recited 1n
the claims. That 1s, 1t 1s understood that amounts, sizes,
formulations, parameters, and other quantities and charac-
teristics are not and need not be exact, but can be approxi-
mate and/or larger or smaller, as desired, retlecting toler-
ances, conversion factors, rounding oflf, measurement error
and the like, and other factors known to those of skill in the
art. In general, an amount, size, formulation, parameter or
other quantity or characteristic 1s “about” or “approximate”
whether or not expressly stated to be such. It 1s understood
that where “about” 1s used before a quantitative value, the
parameter also includes the specific quantitative value 1tself,
unless specifically stated otherwise.

As used herein, the terms “optional” or “optionally™
means that the subsequently described event or circumstance
can or cannot occur, and that the description includes
instances where said event or circumstance occurs and
instances where 1t does not. For example, the phrase
“optional additional additive materials” means that the addi-
tional additive materials can or cannot be substituted and
that the description includes molded articles that both
include and do not include additional additive matenals.

As used herein, the term “eflective amount” refers to an
amount that 1s suflicient to achieve the desired modification
ol a physical property of the composition or material. For
example, an “effective amount” of a heat stabilizer compo-
nent refers to an amount that 1s suflicient to achieve the
desired improvement in the property modulated by the
formulation component, ¢.g. achieving the desired level of
UV absorbing component stability and/or color stability. The
specific level 1n terms of wt % 1n a composition required as
an eflective amount will depend upon a variety of factors
including the amount and type of polycarbonate, amount and
type of other components, and end use of the article made
using the composition.

Disclosed are the components to be used to prepare the
compositions of the disclosure as well as the compositions
themselves to be used within the methods disclosed herein.
These and other materials are disclosed herein, and it 1s
understood that when combinations, subsets, 1nteractions,
groups, etc. ol these materials are disclosed that while
specific reference of each various individual and collective
combinations and permutation of these compounds cannot
be explicitly disclosed, each 1s specifically contemplated and
described herein. For example, if a particular compound 1s
disclosed and discussed and a number of modifications that
can be made to a number of molecules including the
compounds are discussed, specifically contemplated 1s each
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and every combination and permutation of the compound
and the modifications that are possible unless specifically

indicated to the contrary. Thus, 11 a class of molecules A, B,
and C are disclosed as well as a class of molecules D, E, and
F and an example of a combination molecule, A-D 1s
disclosed, then even 1f each 1s not individually recited each
1s 1ndividually and collectively contemplated meaning com-
binations, A-E, A-F, B-D, B-E, B-F, C-D, C-E, and C-F are
considered disclosed. Likewise, any subset or combination
of these 1s also disclosed. Thus, for example, the sub-group
of A-E, B-F, and C-E would be considered disclosed. This
concept applies to all aspects of this application including,
but not limited to, steps 1n methods of making and using the
compositions of the disclosure. Thus, 11 there are a variety of
additional steps that can be performed 1t 1s understood that
cach of these additional steps can be performed with any
specific aspect or combination of aspects of the methods of
the disclosure.

References 1n the specification and concluding claims to
parts by weight of a particular element or component in a
composition or article, denotes the weight relationship
between the element or component and any other elements
or components 1n the composition or article for which a part
by weight 1s expressed. Thus, 1n a compound containing 2
parts by weight of component X and 5 parts by weight
component Y, X and Y are present at a weight ratio of 2:5,
and are present 1n such ratio regardless of whether additional
components are contained in the compound.

A weight percent of a component, unless specifically
stated to the contrary, 1s based on the total weight of the
formulation or composition in which the component 1is
included.

The terms “BisA,” “BPA,” or “bisphenol A,” which can
be used interchangeably, as used herein refers to a com-
pound having a structure represented by the formula:

A<

X
o NF N

OH

BisA can also be referred to by the name 4,4'-(propane-2,
2-diyl)diphenol; p,p'-1sopropylidenebisphenol; or 2,2-bis(4-
hydroxyphenyl)propane. BisA has the CAS #80-05-7.

As used herein, “polycarbonate” refers to an oligomer or
polymer comprising residues ol one or more dihydroxy
compounds, e.g., dihydroxy aromatic compounds, joined by
carbonate linkages; 1t also encompasses homopolycarbon-
ates, copolycarbonates, and (co)polyester carbonates.

The terms “residues” and “‘structural units”, used 1n
reference to the constituents of the polymers, are synony-
mous throughout the specification.

As used herein the terms “weight percent,” “wt %,” and
“wt. %,” which can be used interchangeably, indicate the
percent by weight of a given component based on the total
weight of the composition, unless otherwise specified. That
1s, unless otherwise specified, all wt % values are based on
the total weight of the composition. It should be understood
that the sum of wt % values for all components 1n a disclosed
composition or formulation are equal to 100.

Certain abbreviations are defined as follows: “g” 1s grams,
“kg” 1s kilograms, “° C.” 1s degrees Celsius, “min” 1is
minutes, “mm’ 1s millimeter, “mPa” 1s megapascal, “Wik1”
1s a system of accessing the internet from remote machines,
“GPS” 1s Global Positioning System—a global system of
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6

U.S. navigational satellites which provide positional and
velocity data. “LED” 1s light-emitting diode, “RF” 1s radio
frequency, and “RFID” 1s radio frequency identification.

Unless otherwise stated to the contrary herein, all test
standards are the most recent standard 1n eflect at the time
of filing this application.

Each of the matenials disclosed herein are either commer-
cially available and/or the methods for the production
thereol are known to those of skill 1n the art.

It 1s understood that the compositions disclosed herein
have certain functions. Disclosed herein are certain struc-
tural requirements for performing the disclosed functions
and 1t 1s understood that there are a variety of structures that
can perform the same function that are related to the
disclosed structures, and that these structures will typically
achieve the same resullt.

Abusively Molded Article Including UV-Stable Polycarbon-
ate

Aspects of the present disclosure relate to a molded article
including a polycarbonate resin, an ultraviolet (UV) absorb-
ing component, a heat stabilizer component, and an acid
stabilizer component. In certain aspects the molded article
includes a ratio of bound UV absorbing component to free
UV absorbing component of less than about 1.0 when
molded under abusive molding conditions. In further aspects
the polycarbonate resin 1s produced by an interfacial polym-
erization process and has an endcap level of at least about
98%.

It has been found that UV absorbing component retention
in an abusively molded article including a polycarbonate
resin can be enhanced by including a heat stabilizer com-
ponent and an acid stabilizer component in the resin. The
heat stabilizer component and acid stabilizer component
prevent attachment of the UV absorbing component to the
polycarbonate chain, which reduces the level of bound UV
absorbing component. In other words, the abusively molded
article retains a higher level of free UV absorbing compo-
nent. Further, contrary to previously known polycarbonate
resin-containing molded articles, molded articles according,
to the present disclosure including the heat stabilizer com-
ponent and acid stabilizer component retain their molecular
weight better during the abusive molding process.

Abusive molding conditions relate to the maximum tem-
perature at which the article 1s molded and the amount of
time the article 1s held at that maximum temperature. As
noted above, while typical molding conditions for molded
polycarbonate articles such as those used i automotive
lighting (e.g., headlamp) and other applications utilize maxi-
mum temperatures of from about 280-290° C., 1n some
applications 1t 1s desirable to increase the molding tempera-
tures to at least about 330° C. up to at least about 360° C.
In addition, 1t may be desirable to increase the amount of
time that the polycarbonate resin 1s held at these elevated
temperatures: while in standard molding applications resi-
dence times may be about 6 minutes or less, they may need
to be increased to up to about 12 to 15 minutes 1n certain
applications. Such abusive molding conditions can result 1n
attachment of the UV absorbing component to the polycar-
bonate chain, which ultimately results 1n the molded article
having undesirable properties (as discussed above). Aspects
of the disclosure, which relate to polycarbonate resin-based
molded articles including both a heat stabilizer component
and acid stabilizer component, address this shortcoming. In
certain aspects, the abusive molding conditions include
molding the article at a maximum temperature of at least
about 330° C. at a residence time of at least about 10
minutes, or at a maximum temperature of at least about 330°
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C. at a residence time of at least about 12 minutes, or at a
maximum temperature of at least about 330° C. at a resi-
dence time of at least about 15 minutes, or at a maximum
temperature of at least about 340° C. at a residence time of
at least about 6 minutes, or at a maximum temperature of at
least about 340° C. at a residence time of at least about 10
minutes, or at a maximum temperature of at least about 350°
C. at a residence time of at least about 6 minutes, or at a
maximum temperature of at least about 350° C. at a resi-
dence time of at least about 10 minutes, or at a maximum
temperature of at least about 350° C. at a residence time of
at least about 15 minutes, or even at a maximum temperature
of at least about 360° C. at a residence time of at least about
3 minutes. In a more particular aspect the abusive molding
conditions include molding the article at a maximum tem-
perature of at least about 330° C. at a residence time of at
least about 10 minutes, or a maximum molding temperature
ol at least about 340° C. at a residence time of at least about
6 minutes, or a maximum molding temperature of at least
about 350° C. at a residence time of at least about 6 minutes,
or a maximum molding temperature of at least about 360° C.
at a residence time of at least about 3 minutes. In a certain
aspect the abusive molding conditions include molding the
article at a maximum temperature of at least about 350° C.
at a residence time of at least about 15 minutes.

As discussed, 1n some aspects of the disclosure the
polycarbonate resin has an endcap level of at least about
98%. Polycarbonate resins having this endcap level may
generally be produced by an interfacial polymerization
process. Purely by way of example, in one particular inter-
tacial polymerization process in which the polycarbonate 1s
BPA polycarbonate, the BPA polycarbonate 1s produced by
amine catalyzed interfacial polycondensation of bisphenol A
and phosgene. In contrast to other known methods for
forming polycarbonates (such as melt transesterification
processes) 1n which the polycarbonate has an endcap level of
less than about 98%, polycarbonates formed by interfacial
polymerization are characterized as having an endcap level
of at least about 98%. In some aspects, the polycarbonate
resin has an endcap level of at least about 99%. In further

aspects, the polycarbonate resin 1s substantially fully end-
capped.

Suitable polycarbonates for use in molded articles accord-
ing to the present disclosure include but are not limited to
bisphenol A, a polycarbonate copolymer, polyester carbon-
ate polymer, or polycarbonate-polysiloxane copolymer, or
combinations thereof.

In one aspect, a polycarbonate can comprise any poly-
carbonate material or mixture of materials, for example, as
recited in U.S. Pat. No. 7,786,246, which 1s hereby incor-
porated 1n its entirety for the specific purpose of disclosing
various polycarbonate compositions and methods. The term
polycarbonate can be further defined as compositions having,
repeating structural units of the formula (1):

(1)

in which at least 60 percent of the total number of R' groups
are aromatic organic radicals and the balance thereof are
aliphatic, alicyclic, or aromatic radicals. In a further aspect,
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each R' is an aromatic organic radical and, more preferably,
a radical of the formula (2):

ALYAZ (2),

wherein each of A' and A® is a monocyclic divalent aryl
radical and Y" is a bridging radical having one or two atoms
that separate A' from A®. In various aspects, one atom
separates A' from A®. For example, radicals of this type
include, but are not limited to, radicals such as —O—,

S—, —S(0)—, —S(0,)—, —C(0O)—, methylene, cyclo-
hexyl-methylene, 2-[2.2.1]-bicycloheptylidene, ethylidene,
1sopropylidene, neopentylidene, cyclohexylidene, cyclopen-
tadecylidene, cyclododecylidene, and adamantylidene. The
bridging radical Y' is preferably a hydrocarbon group or a
saturated hydrocarbon group such as methylene, cyclohex-
ylidene, or 1sopropylidene.

In addition to the polycarbonates described above, com-
binations of the polycarbonate with other thermoplastic
polymers, for example combinations of homopolycarbon-
ates and/or polycarbonate copolymers, can be used.

Polycarbonates, including 1sosorbide-based polyester-
polycarbonate, can comprise copolymers comprising car-
bonate units and other types of polymer units, including
ester units, and combinations comprising at least one of
homopolycarbonates and copolycarbonates. An exemplary
polycarbonate copolymer of this type 1s a polyester carbon-
ate, also known as a polyester-polycarbonate or polyester
carbonate. Such copolymers further contain carbonate units
derived from oligomeric ester-containing dihydroxy com-
pounds (also referred to herein as hydroxy end-capped
oligomeric acrylate esters).

In various further aspects, “polycarbonates” and “poly-
carbonate resins” as used herein further include homopoly-
carbonates, copolymers comprising different R" moieties in
the carbonate (referred to heremn as “copolycarbonates™),
copolymers comprising carbonate units and other types of
polymer units, such as ester umits, polysiloxane units, and
combinations comprising at least one of homopolycarbon-
ates and copolycarbonates. As used herein, “combination” 1s
inclusive of blends, mixtures, alloys, reaction products, and
the like.

In a further aspect, the polycarbonate resin includes a
polyester-polycarbonate copolymer, and specifically a poly-
ester-polycarbonate copolymer including ester units that
comprise soit block ester units, also referred to herein as
aliphatic dicarboxylic acid ester units. Such a polyester-
polycarbonate copolymer comprising soit block ester units
1s also referred to herein as a poly(aliphatic ester)-polycar-
bonate. The soft block ester unit can be a C_,, aliphatic
dicarboxylic acid ester unit (where C,._,, includes the ter-
minal carboxyl groups), and can be straight chain (1.e.,
unbranched) or branched chain dicarboxylic acids, cycloal-
kyl or cycloalkylidene-containing dicarboxylic acids units,
or combinations of these structural units. In a still further
aspect, the C._ ., aliphatic dicarboxylic acid ester unit
includes a straight chain alkylene group comprising meth-
ylene (—CH,—) repeating units.

All types of polycarbonate end groups are contemplated
as being usetul 1n the polycarbonate composition, provided
that such end groups do not significantly adversely aflect
desired properties of the compositions.

In a further aspect, the polycarbonate polymer 1s a
homopolymer. In a still further aspect, the homopolymer
comprises repeating units derived from bisphenol A.

In a still further aspect, the polycarbonate component is a
copolymer. In a still further aspect, the copolymer comprises
repeating umts derived from BPA. In yet a further aspect, the
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copolymer comprises repeating units derived from sebacic
acid. In an even further aspect, the copolymer comprises
repeating units derived from sebacic acid and BPA. Usetul
polycarbonate copolymers are commercially available and
include, but are not limited to, those marketed under the
trade names LEXAN® EXL and LEXAN® HFD polymers,
and are available from SABIC Innovative Plastics (formerly
GE Plastics).

In some aspects of the disclosure, the polycarbonate resin
1s a high purity polycarbonate resin. High purity polycar-
bonate resins are generally characterized as having a purity
of at least about 99.70%, a hydroxyl content less than 100
parts per million (ppm) by weight, and which contains less
than 2 ppm sulfur, although other purity criteria could be
applied. In certain aspects the polycarbonate resin included
in molded articles of the disclosure 1s produced from a
bisphenol A polymer having a purity of at least about
99.70%, a hydroxyl content less than 100 ppm by weight,
and which contains less than 2 ppm sulfur.

Aspects of the disclosure relate to molded articles that
include a UV absorbing component. In certain aspects, the
UV absorbing component 1s a benzotriazole compound, a
triazine compound, or a combination thereof. Examples of
suitable UV absorbing components include, but are not
limited to 2-(2'-Hydroxy-3'-t-octylphenyl) benzotriazole
(e.g., CYASORB® UV5411, available from Cytec Indus-
tries) (UV3411), 2-(2 hydroxy-3,5 dicumyl) benzotriazole
(e.g., Tinuvin® 234, available from BASF) (UVA 234),
phenol, 2,2'-methylenebis(6-(2H-benzotrniazol-2-yl1)-4-(1,1,
3,3 -tetramethylbutyl)- (e.g., Tinuvin® 360, available from
BASF) (LA31RG/T360), phenol, 2-(4,6-diphenyl-1,3,5-tr1-
azin-2-yl)-5-(hexyloxy)- (e.g., Tmnuvin® 1577, available
from BASF) (T1377), 1,3-Bis((2-cyano-3,3-diphenylacry-
loyl)oxy)-2,2-b1s(((2-cyano-3,3-diphenylacryloyl)oxy)
methylpropane (e.g., Uvinul® 3030, available from BASEF)
(UV3030), and combinations thereof. In particular aspects,
the UV absorbing component 1s 2-(2'-Hydroxy-3'-t-oc-
tylphenyl) benzotriazole, 2-(2 hydroxy-3,5 dicumyl) benzo-
triazole, phenol, 2,2'-methylenebis(6-(2H-benzotriazol-2-
y1)-4-(1,1,3,3-tetramethylbutyl)-, or a combination thereof.

Any ellective amount of UV absorbing component can be
included in the molded article. In some aspects the UV
absorbing component 1s present 1n the molded article 1n an
amount of from about 0.01 to about 1.0 weight percent
(wt %) of the composition, or 1n certain aspects 1n an amount
of from about 0.10 to about 0.50 wt % of the composition,
or even 1n an amount of from about 0.10 to about 0.30 wt %
of the composition.

The heat stabilizer component stabilizes the polycarbon-
ate resin 1n the molded article by improving color stability
upon heat processing. In some aspects the heat stabilizer
component includes at least one organophosphorous com-
pound, including but not limited to a phosphite, phosphine
or phosphonite compound. In particular aspects, the heat
stabilizer component includes tris-(2,4-di-tert-butylphenyl)
phosphite (e.g., IRGAFOS® 168, available from BASF)
(IRG), tnphenylphosphine (TPP), tridecylphosphite (TDP),
tetrakis(2,4-di-tert-butylphenyl )-4,4-diphenyldiphospho-
nite) (PEPQ), bis(2,4-dicumylphenyl) pentaerythritol
diphosphite (e.g., Doverphos S-9228, available from Dover
Chemical) (DP), diphenyl monodecyl phosphite (DPDP), or
combinations thereof. In certain specific aspects the heat
stabilizer component includes PEPQ, DP, TDP, DPDP or a
combination thereof, or even PEPQ, DP, or a combination
thereol. In other specific aspects the heat stabilizer compo-
nent includes IRG, TPP, or a combination thereof.
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Any effective amount of heat stabilizer component can be
included in the molded article. In some aspects the heat
stabilizer component 1s present 1n the molded article 1n an
amount of from about 0.01 to about 0.2 wt % of the
composition, or 1n certain aspects 1 an amount of from
about 0.01 to about 0.08 wt % of the composition.

The acid stabilizer component 1n some aspects contributes
to stabilizing the UV absorbing component in the molded
article, preventing or mimmizing binding of the UV absorb-
ing component to the polycarbonate chain when subjected to
abusive molding. In certain aspects the acid stabilizer com-
ponent includes a sulfonic acid ester. In particular aspects
the acid stabilizer component includes butyl tosylate (e.g.,
butyl p-toluenesulionate, or BuTos). In other aspects the
acid stabilizer component includes an organophosphorous
compound, including but not limited to phosphorous acid,
phosphoric acid, or a combination thereof. In yet further
aspects the acid stabilizer component includes a sulfonic
acid ester 1n combination with an organophosphorous com-
ponent.

Any eflective amount of acid stabilizer component can be
included 1n the molded article. In some aspects the acid
stabilizer component 1s present 1n the molded article 1n an
amount of from about 0.5 to about 10 ppm 1n the compo-
sition, or 1n certain aspects 1n an amount of from about 0.5
to about 6 ppm 1n the composition.

While the molded article has been described thus far as
including both a heat stabilizer component and an acid
stabilizer component, 1n some aspects the molded article
need not include an acid stabilizer component provided the
heat stabilizer component sufliciently prevents or minimizes
binding of the UV absorbing component to the polycarbon-
ate resin following abusive molding. Suitable heat stabilizer
components that may sutliciently protect the UV absorbing
component include, but are not necessarily limited to, one or
more of the following organophosphorous compounds: TDP,
PEPQ, DP and DPDP. In such aspects the molded article
would thus include a polycarbonate resin, an ultraviolet
(UV) absorbing component, and a heat stabilizer component
including one or more of TDP, PEPQ, DP and DPDP. In
other aspects the molded article includes PEPQ, DP or
combinations thereof. The polycarbonate resin 1s produced
by an interfacial polymerization process and has an endcap
level of at least about 98%, and the molded article includes
a ratio of bound UV absorbing component to free UV
absorbing component of less than about 1.0 when molded
under abusive molding conditions.

Molded articles according to aspects described herein
include a ratio of bound UV absorbing component to free
UV absorbing component of less than about 1.0 when
molded under abusive molding conditions. In more specific
aspects, the molded article includes a ratio of bound UV
absorbing component to free UV absorbing component of
less than about 0.66 when molded under abusive molding
conditions, or includes a ratio of bound UV absorbing
component to free UV absorbing component of less than
about 0.33 when molded under abusive molding conditions,
or even includes a ratio of bound UV absorbing component
to free UV absorbing component of less than about 0.17
when molded under abusive molding conditions.

In some aspects, molded articles according to aspects
described herein 1nclude at least 60% unbound UV absorb-
ing component when molded under abusive molding con-
ditions. In further aspects, the molded article includes at
least 70% unbound UV absorbing component when molded
under abusive molding conditions, or imncludes at least 80%
unbound UV absorbing component when molded under
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abusive molding conditions, or even includes at least 90%
unbound UV absorbing component when molded under
abusive molding conditions.

In addition to the foregoing components, the disclosed
molded articles can optionally include an effective amount
of one or more additional additive matenals ordinarily
incorporated in polycarbonate resin compositions of this
type, with the proviso that the additives are selected so as to
not significantly adversely aflect the desired properties of
the polycarbonate resin composition. Combinations of addi-
tives can be used. Such additives can be combined with the
other components at a suitable time during the mixing of the
components prior to or during molding Exemplary and
non-limiting examples of additive materials that can be
present 1n the disclosed molded article include additional
reinforcing fillers, an acid scavenger, anti-drip agent, anti-
oxidant, antistatic agent, chain extender, colorant (e.g., pig-
ment and/or dye), de-molding agent, flow promoter, lubri-
cant, mold release agent, plasticizer, quenching agent, flame
retardant stabilizer (including for example a thermal stabi-
lizer, a hydrolytic stabilizer, or a light stabilizer), UV
reflecting additive, or any combination thereof.

In particular aspects, the molded article includes addi-
tional additive materials, including a phenolic heat stabilizer
component (e.g., Irganox® 1076, available from BASF), a
carboxylic acid ester (e.g., PETS), or a combination thereof.

Molded articles formed under abusive molding conditions
according to aspects described herein may exhibit several
improved properties over previously known molded articles
(in addition to the reduced UV absorbing component bind-
ing described above). Properties of such molded articles
include, but are not limited to, reduced polycarbonate
molecular weight loss following abusive molding, improved
yellowing index (AYI) following abusive molding, and
reduced AY] following weathering.

In certain aspects, the molded article the polycarbonate
resin exhibits a molecular weight loss of less than about 10%
as compared to the molecular weight of the polycarbonate
resin prior to the abusive molding.

In some aspects the abusively molded article, when tested
in accordance with ASTM D1925 (1988) using a 2.5 mm
thick plaque, has a yellowing index (Y1) less than about 4.0,
or a YI of less than about 3.5, or a YI of less than about 3.0,
or a YI of less than about 2.5, or even a Y1 of less than about
2.0. In further aspects the abusively molded article, when
tested 1n accordance with ASTM D1925 (1988) using a 2.5
mm thick plaque, has a yellowing index (Y1) of from about
1.0 to about 2.5.

In certain aspects the abusively molded article, when
tested 1n accordance with ASTM D1925 (1988) using a 2.5
mm thick plaque, exhibits an increase 1n YI of less than
about 4.0 after 2000 hours of heat aging at 120° C., or an
increase i Y1 of less than about 3.5 after 2000 hours of heat
aging at 120° C., or an increase 1n Y1 of less than about 3.0
after 2000 hours of heat aging at 120° C., or an 1ncrease 1n
Y1 of less than about 2.5 after 2000 hours of heat aging at
120° C., or an increase 1n Y1 of less than about 2.0 after 2000
hours of heat aging at 120° C. In further aspects the
abusively molded article, when tested 1n accordance with
ASTM D1925 (1988) using a 2.5 mm thick plaque, exhibits
an increase 1 Y1 of from about 1.0 to about 4.0 after 2000
hours of heat aging at 120° C. The increase i YI 1s
compared to a molded article having the same components,
and the same amounts of components, that has not been heat
aged.

In further aspects the molded article, when tested in
accordance with ASTM D1925 (1988), has a change 1n
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yellowing index (AY]) of less than about 1.10 after abusive

molding, or a AYI of less than about 1.0 after abusive
molding, or a AYI of less than about 0.90 after abusive
molding, or a AYI of less than about 0.75 after abusive
molding, or a AYI of less than about 0.60 after abusive
molding, or a AYI of less than about 0.50 after abusive
molding, or a AYI of less than about 0.35 after abusive

molding. The AYI 1s compared to a molded article having
the same components, and the same amounts of components,
that has not been subjected to abusive molding conditions.

In other aspects the molded article, when weathered 1n

accordance with ISO 11341:2004 for 2000 hours, has a AY1
of less than about 8.0, or a AYI of less than about 7.0, or a
AYT of less than about 6.0, or a AYI of from about 5.0 to

about 8.0. The AYI 1s compared to a molded article having
the same components, and the same amounts of components,
that has not been weathered.

Methods for Forming Abusively Molded Article Including
UV-Stable Polycarbonate

The present disclosure also relates to methods for forming,
UV-stable polycarbonate-containing molded articles. In one
aspect, a method for forming a molded article includes:
combining a polycarbonate resin produced by an interfacial
polymerization process and having an endcap level of at
least about 98%, a UV absorbing component, a heat stabi-
lizer component and an acid stabilizer component to form a
mixture; and forming a molded article from the mixture by
molding the mixture under abusive molding conditions. The
molded article includes a ratio of bound UV absorbing
component to free UV absorbing component of less than
about 1.0. In some aspects the abusive molding conditions
include molding the article at the maximum temperatures
and residence times described above. In particular aspects
the abusive molding conditions include molding the article
at a maximum temperature of at least about 330° C. at a
residence time of at least about 10 minutes, or a maximum
molding temperature of at least about 340° C. at a residence
time of at least about 6 minutes, or a maximum molding
temperature of at least about 350° C. at a residence time of
at least about 6 minutes, or a maximum molding temperature
of at least about 360° C. at a residence time of at least about
3 minutes.

In some aspects the mixture has a melt flow rate of from
about 15 to about 30 cubic centimeters (cm”)/10 min. Melt
flow rate may be determined according to ISO 1133:2005
(Determination of the melt mass-flow rate (MFR) and the
melt volume-flow rate (IMVR) of thermoplastics), at a tem-
perature of 300° C., a load of 1.2 kilograms (kg) and a dwell
time of 300 seconds. In particular aspects, the mixture has a
melt flow rate of from about 15 to about 25 cm>/10 min, or
even a melt flow rate of from about 18 to about 22 ¢cm?/10
min.

Other aspects of the method 1nclude selection of a poly-
carbonate resin, UV absorbing component, heat stabilizer
component, acid stabilizer component and optional addi-
tional additive component such as those described above.
The method also relates to forming a molded article that
does not include an acid stabilizer component according to
aspects described herein.

Molded articles according to aspects of the disclosure
described herein may be applicable for use in a wide varniety
of applications, including but not limited to automotive
lighting lens (e.g., headlamp) applications. For example, 1n
automotive lighting lens applications the molded articles
may be a head lamp cover, a head lamp lens, an mner lens,
a fog lamp lens, a rear lamp lens, a rear lamp 1nner lens or
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an interior lamp lens. In other applications the molded article
1s suitable for use in light guide, automotive glazing or
window applications.

Molded articles according to aspects of the disclosure
described herein may further be applicable for use 1n high
shear molding conditions. High shear molding conditions
are 1n some aspects similar to abusive molding conditions.
High shear molding conditions may be 1dentified by perfor-
mance under particular molding conditions, including mold
thickness and mold fill rate. Mold fill rate 1s affected by
processing parameters such as gate design (small gates result
in higher shear), mjection speed (higher speeds result 1n
higher shear), material viscosity, and melt temperature.
Particular examples of molded articles according to aspects
of the disclosure that may be formed under high shear
molding conditions include, but are not limited to, sheets or
extruded profiles used for glazing applications (e.g., resi-
dential glazing applications) or greenhouses.

Aspects of the Disclosure

In various aspects, the present disclosure pertains to and
includes at least the following aspects.

Aspect 1: A molded article comprising:

a polycarbonate resin produced by an interfacial polym-
erization process and having an endcap level of at least about
98%;

an ultraviolet (UV) absorbing component;

a heat stabilizer component; and

an acid stabilizer component,
wherein the molded article comprises a ratio of bound UV
absorbing component to free UV absorbing component of
less than about 1.0 when molded under abusive molding
conditions.

Aspect 2: The molded article of aspect 1, wherein the acid
stabilizer component comprises a sulfonic acid ester.

Aspect 3: The molded article of aspect 2, wherein the
sulfonic acid ester comprises butyl p-toluenesulionate.

Aspect 4: The molded article according to any of the
previous aspects, wheremn the acid stabilizer component
comprises phosphorous acid, phosphoric acid, or a combi-
nation thereof.

Aspect 5: The molded article according to any of the
previous aspects, wherein the article comprises an automo-
tive lighting lens.

Aspect 6: The molded article according to any of aspects
1 to 4, wherein the article comprises a head lamp cover, a
head lamp lens, an 1nner lens, a fog lamp lens, a rear lamp
lens, a rear lamp 1nner lens, an interior lamp lens, or is
suitable for use 1n light guide, automotive glazing or window
applications.

Aspect 7: The molded article according to any of the
previous aspects, wherein the UV absorbing component
comprises a benzotriazole compound, a triazine compound,
or a combination thereof.

Aspect 8: The molded article according to any of the
previous aspects, wherein the UV absorbing component
comprises 2-(2'-Hydroxy-5'-t-octylphenyl) benzotriazole,
2-(2 hydroxy-3,5 dicumyl) benzotriazole, phenol, 2,2'-meth-
ylenebis(6-(2H-benzotriazol-2-y1)-4-(1,1,3,3-tetramethyl-
butyl)-, or a combination thereof.

Aspect 9: The molded article according to any of the
previous aspects, wheremn the heat stabilizer component
comprises tris-(2,4-di-tert-butylphenyl) phosphite, triph-
enylphosphine, or a combination thereof.

Aspect 10: The molded article according to any of the
previous aspects, wheremn the acid stabilizer component
comprises from about 0.5 to about 10 ppm 1n the composi-
tion.
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Aspect 11: The molded article according to any one of the
previous aspects, wherein the polycarbonate resin 1s pro-
duced from a bisphenol A polymer having a purity of at least
about 99.70%, a hydroxyl content less than 100 ppm by
weight, and which contains less than 2 ppm sulfur.

Aspect 12: The molded article according to any of the
previous aspects, wherein the polycarbonate resin exhibits a
molecular weight loss of less than about 10% as compared
to the molecular weight of the polycarbonate resin prior to
the abusive molding.

Aspect 13: The molded article according to any of the
previous aspects, wherein the molded article comprises a
ratio of bound UV absorbing component to free UV absorb-
ing component of less than about 0.66 when molded under
abusive molding conditions.

Aspect 14: The molded article according to any of the
previous aspects, wherein the molded article comprises a
ratio of bound UV absorbing component to free UV absorb-
ing component of less than about 0.33 when molded under
abusive molding conditions.

Aspect 15: The molded article according to any of the
previous aspects, wherein the molded article comprises a
ratio of bound UV absorbing component to free UV absorb-
ing component of less than about 0.17 when molded under
abusive molding conditions.

Aspect 16: The molded article according to any of the
previous aspects, wherein the abusive molding conditions
comprise a maximum molding temperature of at least about
330° C. at a residence time of at least about 10 minutes, or
a maximum molding temperature of at least about 340° C.
at a residence time of at least about 6 minutes, or a maximum
molding temperature of at least about 350° C. at a residence
time of at least about 6 minutes, or a maximum molding
temperature of at least about 360° C. at a residence time of
at least about 3 minutes.

Aspect 17: The molded article according to any of the
previous aspects, wherein the molded article, when tested in
accordance with ASTM D1925 (1988) using a 2.5 mm thick
plaque, has a yellowing index (Y1) less than about 4.0, or a
Y1 of less than about 3.5, or a YI of less than about 3.0, or
a Y1 of less than about 2.5, or a YI of less than about 2.0, or
a Y1 of from about 1.0 to about 2.5.

Aspect 18: The molded article according to any of the
previous aspects, wherein the molded article, when tested 1n
accordance with ASTM D1925 (1988) using a 2.5 mm thick
plaque, exhibits an increase 1n Y1 of less than about 4.0 after
2000 hours of heat aging at 120° C., or an increase 1 Y1 of
less than about 3.5 after 2000 hours of heat aging at 120° C.,
or an increase 1n Y1 of less than about 3.0 after 2000 hours
of heat aging at 120° C., or an increase 1 Y1 of less than
about 2.5 after 2000 hours of heat aging at 120° C., or an
increase 1 Y1 of less than about 2.0 after 2000 hours of heat
aging at 120° C., or an 1ncrease 1 Y1 of from about 1.0 to
about 4.0 after 2000 hours of heat aging at 120° C.

Aspect 19: A molded article comprising:

a polycarbonate resin produced by an interfacial polym-
erization process and having an endcap level of at least about
98%;

an ultraviolet (UV) absorbing component; and

a heat stabilizer component comprising tetrakis(2,4-di-
tert-butylphenyl)-4,4-diphenyldiphosphonite),  bis(2,4-di-
cumylphenyl) pentaerythritol diphosphate, tridecylphos-
phite, diphenyl monodecyl phosphite or combinations
thereof, wherein the molded article comprises a ratio of
bound UV absorbing component to free UV absorbing
component of less than about 1.0 when molded under
abusive molding conditions.
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Aspect 20: A method for forming a molded article,
comprising:

combining a polycarbonate resin produced by an interfa-
cial polymerization process and having an endcap level of at
least about 98%, a UV absorbing component, a heat stabi-
lizer component and an acid stabilizer component to form a
mixture; and

forming a molded article from the mixture by molding the
mixture under abusive molding conditions,
wherein the molded article comprises a ratio of bound UV
absorbing component to free UV absorbing component of
less than about 1.0.

Aspect 21: The method according to aspect 20, wherein
the mixture has a melt flow rate of from about 15 to about
30 cm”/10 min when tested in accordance with ISO 1133:
2005 at a temperature of 300° C., a load of 1.2 kilograms
(kg) and a dwell time of 300 seconds, or a melt flow rate of
from about 15 to about 25 cm>/10 min, or a melt flow rate
of from about 18 to about 22 ¢cm’/10 min.

Aspect 22: The molded article according to any of the
previous aspects, wherein the molded article 1s formed under
high shear molding conditions.

Aspect 23: The molded article according to any of the
previous aspects, wherein the molded article 1s formed under
high shear molding conditions and i1s a sheet or extruded
profile used for glazing applications or greenhouses.

Component

PC1

PC2

PC3

PC4
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EXAMPLES

The following examples are put forth so as to provide
those of ordinary skill 1n the art with a complete disclosure
and description of how the compounds, compositions,
articles, devices and/or methods claimed herein are made
and evaluated, and are intended to be purely exemplary and
are not mntended to limait the disclosure. Efforts have been
made to ensure accuracy with respect to numbers (e.g.,
amounts, temperature, etc.), but some errors and deviations
should be accounted for. Unless indicated otherwise, parts
are parts by weight, temperature 1s 1n © C. or 1s at ambient
temperature, and pressure 1s at or near atmospheric. Unless
indicated otherwise, percentages referring to composition
are 1n terms ol wt %.

There are numerous variations and combinations of reac-
tion conditions, e.g., component concentrations, desired
solvents, solvent mixtures, temperatures, pressures and other
reaction ranges and conditions that can be used to optimize
the product purity and yield obtained from the described
process. Only reasonable and routine experimentation will
be required to optimize such process conditions.

The materials shown 1n Table 1 were used to prepare the
compositions described and evaluated herein.

TABLE 1

Resins (Table 1A)

Chemical Description Source, Vendor

Linear Bisphenol A Polycarbonate, produced via SABIC
interfacial polymerization, Mw of about 30,000
grams per mole (g/mol) as determined by GPC using
polycarbonate standards, phenol end-capped (at least
98%)

Linear Bisphenol A Polycarbonate, produced via
interfacial polymerization, Mw of about 21,800
g/mol as determined by GPC using polycarbonate
standards, para-cumylphenyl (PCP) end-capped (at
least 98%)

Linear Bisphenol A Polycarbonate, produced via
interfacial polymerization, Mw of about 30,000
g/mol as determined by GPC using polycarbonate
standards, phenol end-capped (at least 98%),
produced with BPA of at least 99.70% purity and
having less than 2 ppm sulfur

Linear Bisphenol A Polycarbonate, produced via
interfacial polymerization, Mw of about 21,800
g/mol as determined by GPC using polycarbonate

SABIC

SABIC

SABIC

standards, para-cumylphenyl (PCP) end-capped (at
least 98%), produced with BPA of at least 99.70%
purity and having less than 2 ppm sulfur

Additives (Table 1B)

Abbreviation/

Brand Name

IRGAFOS 168

(IRG)
PEPQ

Doverphos S-9228

(DP)
TDP
DPDP
TPP

Irganox 1076

PETS

Chemical Name CAS No.

Tris-(2,4-di-tert-butylphenyl) phosphite 31570-04-4

Tetrakis(2 4-di-tert-butylphenyl)-4.4-
diphenyldiphosphonite)

119345-01-6

Bis (2.4-dicumylphenyl) pentaerythritol diphosphate 154862-43-8
Tridecylphosphite 25448-25-3
Diphenyl monodecyl phosphite 26544-23-0
Triphenylphosphine 603-35-0
Octadecyl3(3,5ditertbutyl4dhydroxyphenyl)propionate  2082-79-3
Palmitic/Stearic Acid Ester of Dipenta/Pentaerythritol 115-83-3



US 11,155,695 B2

17
TABLE 1-continued

Resins (Table 1A)

UvVi411 2-(2'-Hydroxy-5'-t-octylphenyl) benzotriazole
UVA 234 2-(2 hydroxy-3,5 dicumyl) benzotriazole
(Tinuvin ® 234)

LA31RG/T360 Phenol, 2,2'-methylenebis(6-(2H-benzotriazol-2-
(Tinuvin ® 360) y1)-4-(1,1,3,3-tetramethylbutyl)-

T1577 Phenol, 2-(4,6-diphenyl-1,3,5-triazin-2-yl)-5-
(Tinuvin ® 1577) (hexyloxy)-

UV3030 1,3-Bis((2-cyano-3,3-diphenylacryloyl)oxy)-2,2-

(Uvinul ® 3030) bis(((2-cyano-3,3-diphenylacryloyljoxy)

methyl)propane

BuTos Butyl p-toluenesulfonate
H;PO; Phosphorous acid
H;PO, Phosphoric acid

To determine the color stability upon processing, color
plaques having a thickness of 2.5 millimeters (mm) were
injection molded on a machine dedicated to transparent
polycarbonate (Engel-75). Materials were dried at 120
degrees Celstus (° C.) for 2-3 hours (hrs) prior to mnjection
molding. As a reference for standard molding conditions, the
following temperature profile was used: Zone 1/Zone

2/70ne 3/Nozzle=280/290/300/295° C. The residence time

of the matenal 1n the screw was controlled by the cooling
time. These processing conditions are indicated herein as
T(melt)residence time (1n minutes (') (e.g., 300° C./6').
Similarly, abusive molding may be performed at higher
temperatures (as discussed herein), but with the same tem-
perature profile as for the reference condition.

Color values (L*, a*, b* and Y1) were calculated from the
absorption spectrum of a 2.5 mm thick color plaque (600
mmx600 mm) between 400 nanometers (nm) and 700 nm.
The spectrum was measured on a Macbeth 7000A device 1n
transmission mode and UV excluded. The YI (yellowness

index) values provided herein have been calculated accord-
ing to ASTM D1925 (1988) (Test Method for Yellowness
Index of Plastics (Withdrawn 1995)). To simulate degrada-

tion of a PC part under the influence of outdoor conditions
including UV light, accelerated weathering was performed

according to ISO 11341:2004 (Determination of adhesion/
cohesion properties of sealants alter exposure to heat, water
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and artificial light through glass). This test 1s performed on
2.5 mm thick color plaques which are exposed in an ATLAS
CI5000 weathering chamber that utilizes Xenon light (300-
400 nm, 50 watts per square meter (W/m>)). Black standard
temperature 1s 65° C. Chamber temperature 1s 40° C. Rela-
tive humidity 1s 70%. Aging 1s done under constant light.
Spraying occurs on a cycle of 18 minutes (min) on 102 min

ofl and repeats every two hours. An inner quartz filter 1s used
and the outer filter 1s a coated infrared absorbing (“CIRA”)
filter.

The level of bound (and free) UV absorbing component
was measured by gas chromatography (GC). Molecular

welght loss was determined by gel permeation chromatog-
raphy (GPC).

Acid Stabilizer Components Combined with a Heat
Stabilizer Component

IRG and TPP are both generally used heat stabilizer
components that do not provide good protection against UV
reaction with the polycarbonate chain. As shown 1n Tables
2A-2C, the addition of a small amount of an acid stabilizer
component, including but not limited to phosphorous acid
(H,PO,), phosphoric acid (H;PO,) or an alkyl tosylate
(Bulos) 1n combination with these heat stabilizer compo-
nents can vield a composition where the reaction of the UV
absorbing component 1s mimmized or prevented.

TABLE 2A

(Effect of stabilizer - BuTos)

Unit Ex1 Cla
Component
PCl1 wt % 17.3 17.3
PC2 wt % 82 82.08
Irganox 1076  wt % 0.02 0.02
PETS wt %% 0.3 0.3
Heat stabilizer type IRG —
component

wt %% 0.08 -
Acid stabilizer type BuTos -
component

ppm 1 —
UV absorbing type UV3411 UV5411
component

wt %% 0.3 0.3
Property
Initial YI D1925 1.83 2.95
molding

(350° C./15")

Clb Clc Ex?2 C?2 Ex3 C3
17.3 17.3 17.3 17.3 17.3 17.3
82 82.0% 82.32 82.32 R2.175 82.175
0.02 0.02 — — — —
0.3 0.3 — — 0.3 0.3
IRG — IRG IRG TPP TPP
0.08 — 0.08 0.0% 0.025 0.025
— Bulos Bu'los — Bu'los —
— 1 1 1 1 —
UvVs411 UVis411 UVi411 UVi411 Uvs411 UVis411
0.3 0.3 0.3 0.3 0.2 0.2
1.73 1.77 1.69 1.92 1.7 2.54
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TABLE 2A-continued

(Effect of stabilizer - Bu'los)

Unit Ex1 Cla Clb Clc Ex2 C2 Ex3 C3
UV loss % 23 70 82 84 4.6 85 34 83
(350° C./15" vs
pellets)
Mw loss % 3.5 20 11 11 4.3 11 6.7 11
(350° C./15' vs
pellets)
Ratio of bound 0.30 2.4 4.5 54 0.05 5.7 0.52 5.0
to free UV

TABLE 2B
(Effect of stabilizer - HiPO3)

Unit Ex4 C4a C4b C4c Ex5 C5 Ex6 C6
Component
PC1 wt %0 17.3 17.3 17.3 17.3 17.3 17.3 17.3 17.3
PC2 wt %0 82 82.08 82 82.08 82.32 82.32 82.175 82.175
[rganox 1076  wt % 0.02 0.02 0.02 0.02 - - - -
PETS wt %0 0.3 0.3 0.3 0.3 - - 0.3 0.3
Heat stabilizer type IRG — IRG — IRG IRG TPP TPP
component

wt %0 0.08 - 0.08 - 0.08 0.08 0.025 0.025
Acid stabilizer type H;PO; — — H;PO; H;PO; — H;PO, —
component

ppm 3 - - 3 3 - 3 -
UV absorbing  type UV35411 UV3411  UV53411 UV5411 UV5411 UV5411 UV53411 UV541l
component

wt %0 0.3 0.3 0.3 0.3 0.3 0.3 0.2 0.2
Property
Initial Y1 D1925 1.77 2.55 1.73 2.21 1.7 1.92 1.65 2.54
molding
(350° C./15")
UV loss % 2.8 70 82 80 1.8 85 76 83
(350° C./15" vs
pellets)
Mw loss % 6.0 20 11 10 4.7 11 7.7 11
(350° C./15" vs
pellets)
Ratio of bound 0.03 2.4 4.5 4.0 0.02 5.7 3.1 5.0
to free UV

45
TABLE 2C TABLE 2C-continued
(Effect of stabilizer - HyPO, and Citric Acid) (Effect of stabilizer - HyPO, and Citric Acid)

Unit Ex7 C7a C7b Cic 50 Unit Ex7 Cic

Component UV loss % 11 88
(350° C./15" vs

PC1 wt %0 17.3 17.3 17.3 17.3 pellets)
PC2 wt %0 82 82.08 82 82.08 Mw loss % 3.4 12
Irganox 1076  wt % 0.02 0.02 0.02 0.02 (350° C./15" vs
PETS wt %0 0.3 0.3 0.3 0.3 55 pellets)
Heat stabilizer type IRG — IRG IRG Ratio of bound 0.13 7.0
component to free UV

wt %0 0.08 — 0.08 0.08
Acid stabilizer type H;PO, H;PO, Citric Citric
component acid acid/H->O COIIlpElI‘ e, Ex1 to Ex7, each of which include a heat

ppm 3 3 3 34100 4o stabilizer component and an acid stabilizer component
UV absorbing  type UV5411  UV3411  UV3411  UV5411 according to embodiments of the present disclosure, to their
component associated comparative examples (Cla-c, C2 . . . C7a-c),

wt %o 0.3 0.3 0.3 0.3 which: lack an acid stabilizer component (Cla, C1b, C2, C3,
Froperty C4a, C4b, C5 and C6), lack a heat stabilizer component
Initial V1T 1975 { 96 5 5 56 5 64 (Cla, Clc, C4a, C4c and C7a) or include a different acid
molding 65 (citric acid, see C7b and C7c¢) that 1s not considered to be

(350° C./15")

within the scope of aspects of the present disclosure. As can
be seen from each of the examples for which data 1s
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available, for all examples including IRG or TPP as the heat
stabilizer and that also include either BuTos, H,PO,, or
H,PO, as the acid stabilizer component, the ratio of bound
to free UV absorbing component 1s lower, and 1n most cases
substantially lower, than comparative examples which do 5

not include one of these acid stabilizer components.

Eftect of Acid Stabilizer Concentration

Tables 3A and 3B demonstrate the ef

ect of acid stabilizer 1o

concentration on the UV loss/ratio of bound to free UV
absorbing component for two acid stabilizer components,
BuTos and H,PO,. For BuTos, the ratio of bound to free UV
absorbing component decreases rapidly (from about 17 to
less than 1) at a BuTos level between about 0.3 and 0.6 ppm, 15
as shown 1n Table 3A. For H,PO,, the decrease 1n ratio of
bound to free UV absorbing component 1s observed between

about 2 and 4 ppm E

to less than 1), as shown 1n Table 3B.

TABLE 3A

(Effect of BuTos Concentration)

PO, (the ratio decreases from about 17

22
TABLE 3B-continued

(Effect of H:PO, Concentration)

Acid stabilizer
component

UV absorbing
component

Property

Unit
type

PP
type

wt %

UV loss

(350° C./15" vs
pellets)

Ratio of bound
to free UV
AYT heat aging
(120° C.,

2000 hrs) after
300° C./6'

Unit Ex8a Ex8b Ex&c Ex&d
Component
PC1 wt % 17.3 17.3 17.3 17.3
PC?2 wt % 82.1 82.1 82.1 82.1
Irganox 1076 wt % 0.02 0.02 0.02 0.02
PETS wt % 0.3 0.3 0.3 0.3
Heat stabilizer type IRG IRG IRG IRG
component
wt % 0.08 0.08 0.08 0.08
Acid stabilizer type BuTos BuTos BuTos BuTos
component
ppm 0.3 0.6 1 2
UV absorbing type UV3411 UV3411 UV5411 UV5H411
component
wt % 0.2 0.2 0.2 0.2
Property
UV loss % 95 49 42 15
(350° C./15' vs
pellets)
Ratio of bound 17 0.95 0.72 0.18
to free UV
AYT heat aging D1925 1.0 1.4 1.3 1.2
(120° C.,
2000 hrs) after
300° C./6'
molding
AYT heat aging D1925 2.4 2.1 2.1 3.0
(120° C.,
2000 hrs) after
350° C./15'
molding
TABLE 3B
(Effect of H3PO; Concentration) R
Unit Ex9a Ex9b Ex9c¢ C9
Component
60
PC1 wt % 17.3 17.3 17.3 17.3
PC?2 wt % 82.1 82.1 82.1 82.1
Irganox 1076  wt % 0.02 0.02 0.02 0.02
PETS wt % 0.3 0.3 0.3 0.3
Heat stabilizer type IRG IRG IRG IRG
component 63
wt % 0.08 0.08 0.08 0.08

C8

17.3

82.1
0.02

0.3
IRG

0.08

UVs411

0.2

94

16

1.2

2.4

%o

D1925

Ex9a
H;PO;,
2
UV5411

0.2

04

17

Ex9b
H,PO,

4
UVis411

0.2

48

0.92

2.3

TABLE 3B-continued

Ex9c¢
H;PO;

0
Uvi411

0.2

22

0.28

2.7

(Effect of H3PO; Concentration)

C9

UV3411

0.2

04

17

1.2

molding

AYT heat aging
(120° C.,

2000 hrs) after
350° C./15'

molding

Unit

D1925

Ex9a

Ex9b

3.1

ExY9c

4.2

C9

2.4



Ex10 and Ex11 (see Table 4) illustrate that aspects of the
present disclosure can be applied to higher purity resins,
such as those produced from high purnity Bisphenol A
polycarbonate. The compositions of Ex10 and Ex11, which
include an acid stabilizer component (BuTos) show a ratio of
bound to free UV absorbing component of 0.19 and 0.55,
respectively, after abusive molding. In contrast, comparative
examples C10 and C11, which do not include an acid
stabilizer component, had a ratio of bound to free UV
absorbing component of 8.3 and 6.3, respectively, after

23

Analysis of High Punity PC Resins

abusive molding.

Unit
Component
PC3 wt %%
PC4 wt %%
Irganox 1076  wt %
PETS wt %
Heat stabilizer type
component

wt %
Acid stabilizer type
component

pPpHl
UV absorbing type
component

wt %

TABLE 4
Ex10 C10
17.3 17.3
2.1 82.1

0.02 0.02

0.3 0.3
IRG IRG

0.08 0.08
Bu'los —

0.6 —

UVis411 UVi411

0.2 0.2

Ex11

17.3
82.165
0.02

0.3
TPP

0.015
Bu'Tlos

0.6

Uvi411

0.2
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TABLE 4-continued
Unit Ex10 Cl0 Ex11 Cl1
Property
5
Tnitial YT D1925 1.64 1.64 1.65 2.4
(molding
350° C./15%
UV loss %o 16 89 35 86
(350° C./15" vs
10 pellets)
Mw loss % 4.3 9.4 9.5 12
(350° C./15" vs
pellets)
Ratio of bound 0.19 8.3 0.55 6.3
to free UV
15
Binding of Reactive UV Absorbing Components to
C11 the Polycarbonate Chain
- The following examples (Ex12, Ex13 and Ex14) in Table
7 1 S demonstrate hovy different types of UV absorbing com-
0> 165 ponents with reactive groups can bind to the polycarbonate
. backbone. UV5411 and LA31RG (Exl2 and Ex13, respec-
03 tively) are benzotriazole UV absorbing components, which
Tpp contain a phenolic hydroxyl group that can react with the
2> carbonate group in polycarbonate. T1577 (Ex14) is a triaz-
0015 ine, also containing an active hydroxyl group. Ex12 includes
_ a formulation that corresponds to a current standard material
used 1 automotive headlamps (“COMP”), but which
_ includes an acid stabilizer component (Bulos). The
UV5411 30 mmprovement in ratio of bound to free UV absorbing com-
ponent with the addition of an acid stabilizer component 1s
0.2 readily apparent. Compare Ex12 (0.30) to COMP (4.52),
Ex13 (0.25) to C13 (2.70) and Ex14 (~0) to C14 (o).
TABLE 5
Unuit COMP Ex12 Ex13 C13 Ex14 Cl4
Component
PCl1 wt %% 17.3 17.3 17.3 17.3 17.3 17.3
PC2 wt %0 82 82 82.15 82.15 82 82
Irganox 1076  wt % 0.02 0.02 0.02 0.02 0.02 0.02
PETS wt % 0.3 0.3 0.3 0.3 0.3 0.3
Heat stabilizer type IRG IRG IRG IRG IRG IRG
component
wt % 0.06 0.08 0.0% 0.08 0.08 0.0%
Acid stabilizer type — BuTos BuTos — BuTos —
component
wt %% - 1 1 - 1 -
UV absorbing type UV5411 UV5411 LA31RG  LA3IRG  T1577 T1577
component
wt %% 0.27 0.3 0.15 0.15 0.3 0.3
Property
Initial Y1 D1925 1.75 1.83 2.2 2.54 2.4 2.89
(molding
350° C./15")
UV loss %o 82 23 20 73 <20%* >50%
(350° C./15" vs
pellets)
Mw loss %o 11 3.5 3.1 9.0 14 8.3
(350° C./15' vs
pellets)
Ratio of bound 4.5 0.30 0.25 2.7 ~(%* o0

to free UV

*Analysis performed qualitatively by GPC detection of bound UV
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Phosphorous Acid Esters and Phosphites as Heat TARI E 6B
Stabilizer Components

(No Acid Stabilizer Component; LA31RG

In the presence of phosphorous acid esters or phosphite as UV absorbing component)

heat stabilizer components, the reactivity of the UV absorb- 5

ing components can be decreased even without the inclusion Unit Exl6a Ex16b C16
of an acid stabilizer component. See Tables 6 A and 6B. As Component
was shown for Ex13a-c (Table 6 A), the inclusion of PEPQ,
TDP and DPDP resulted in a very low UV absorbing PC1 wi % 173 17 3 173
component (UV3411) and ratio of bound to free UV absorb- 10 pc2 wt % 82.17 82.18 82.15
ing component of 0.08, 0.07 and 0.06, respectively. As Irganox 1076 wt % 0.02 0.02 0.02
shown 1n Table 6B, the inclusion of PEPQ and DP in PETS wt % 0.3 0.3 0.3
compositions including LA31RG as a UV absorbing com- Heat stabilizer  type PEPQ DP* IRG
ponent also results 1n lower levels of bound UV. In contrast, component
the comparative examples including no heat stabilizer com- 15 , wt 7o 006 005 00
vy : , UV absorbing type LA31RG LA31RG LA31RG
ponent (C15a) or a heat stabilizer component including IRG componert
(C15band C16) or TPP (C135¢ and C5d) exhibited a high UV wt 0 015 015 015
loss and a ratio of bound to free UV absorbing component Property
of at least 2.4 (example C15a). The different phosphites are
esters of phosphorous acids or phosphor containing acids, 20 Initial YI D1925 2.24 2.41 2.77
and have diflerent stability with respect to hydrolysis. For molding
example, PEPQ is known as a more acidic stabilizer than (3507 C/15)
IRG, and has poor hydrolytic stability, which yields acidic UV loss 7o 13 /.6 /3
hydrolysis products. It 1s thought that this may be one of the (3507 C/157vs
reasons for its beneficial eflect on preventing UV absorbing 25 I;iiei)ss o - - o
component reactivity with polycarbonate. A phosphite that (350° C/15' vs
generates acidic groups by hydrolysis of at least one of 1ts pellets)
ester groups can prevent reactivity of UV absorbing com- Ratio of bound 0.18 0.08 37
ponents with the polycarbonate. One drawback, however, 1s to free UV
that some phosphorous acids that prevent UV absorbing 30
component reactivity also exhibit a larger molecular weight *contains epoxy
loss and poor heat aging performance.
TABLE 6A
(No Acid Stabilizer Component; UV5411 as UV absorbing component)

Unuit Ex13a Ex15b Ex15c Cla C15b Cl>c Cl5d
Component
PCl1 wt %0 17.3 17.3 17.3 17.3 17.3 17.3 17.3
PC2 wt % 82.12 82 82 82.08 82 82.17 82.17
Irganox 1076  wt % 0.02 0.02 0.02 0.02 0.02 - -
PETS wt % 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Heat stabilizer type PEPQ TDP DPDP - IRG TPP TPP
component

wt % 0.06 0.08 0.0%8 - 0.0%8 0.025 0.08
UV absorbing type UV5411 UVi411l UVi411 UV3411  UV>i411 UVs411  UVi411
component

wt % 0.2 0.3 0.3 0.3 0.2 0.2 0.2
Property
Tnitial Y1 D1925 1.66 2.2 2.37 2.55 2.02 0.54 4.28
molding
(350° C./15"
UV loss % 7.6 6.2 5.9 70 04 83 )
(350° C./15" vs
pellets)
Mw loss %o 23 12 11 20 0.1 11 11
(350° C./15" vs
pellets)
Ratio of bound 0.08 0.07 0.06 2.4 16 5.0 4.6

to free UV
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Effect of Processing Temperature and Residence
Time

It 1s evident that both the processing temperature and
residence time aflect the amount of UV that react with the
polycarbonate resin. While 280-290° C. may be considered
a standard processing temperature, as discussed herein,
higher temperatures can be considered abusive for polycar-
bonate resin. Further, while residence times of up to 6
minutes have been used, longer residence times (such as
those used 1n 2-component (2K) molding applications), may
also be abusive as discussed herein.

As 1s shown 1n FIG. 1, which includes processing data for
COMP (C17 1n Table 7), at 300° C., virtually no bound UV
1s observed for residence times up to 18 min. However, at
330° C., the level of bound UV 1n COMP increases from
20% to about 70% when the residence time increases from
6 to 18 min. At 350° C. COMP shows about 60% bound UV
within a residence time of only 6 min and over 70% bound
UV within a residence time of 9 min. It should be noted that
the 70% level of bound UV results from the detection of a
very low amount of free UV absorbing component, close to
the detection limit of the equipment used in the analysis
method; it may be interpreted from this that virtually no free,
active UV absorbing component remains. In contrast, as
shown throughout the examples presented herein, inclusion
of an acid stabilizer component such as Bulos, H,PO, or
H,PO, with a heat stabilizer component, or inclusion of
particular heat stabilizer components without the inclusion
of an acid stabilizer component, can result 1n molded articles
having very low ratios (<1) of bound to {free UV absorbing
component even after abusive molding at a temperature of
350° C. and for a residence time of 15 min.

TABLE 7

(Effect of Processing Temperatures and Times)

C17

Unit Ex17a Ex17b (COMP)
Component
PC1 wt % 17.3 17.3 17.3
PC?2 wt % 82 82 82
Irganox 1076 wt % 0.02 0.02 0.02
PETS wt % 0.3 0.3 0.3
Heat stabilizer type IRG IRG IRG
component

wt % 0.06 0.06 0.06
Acid stabilizer type BuTos BuTos -
component

ppm 1 2 -
UV absorbing type Uvi411 Uvi41l Uvi411
component

wt % 0.20 0.27 0.27
Property
Initial YI D1925 1.52 1.61 0.45%
molding
(330° C./12")
Ratio of bound 0.11 0.19 3.4
to free UV
Initial YI D1925 1.65 1.65 0.88*
molding
(340° C./10"
Ratio of bound 0.31 0.22 2.9

to free UV

10

15

20

25

30

35

40

45

50

55

60

65

28
TABLE 7-continued

(Effect of Processing Temperatures and Times)

C17
Unit Ex17a Ex17b (COMP)

Initial YI D1925 1.68 1.77 0.97%
molding
(350° C./6")
Ratio of bound 0.30 0.27 2.6
to free UV
Initial YI D1925 1.67 1.74 0.91
molding
(360° C./3")
Ratio of bound 0.10 0.16 0.82
to free UV

*contained colorants

Weathering Performance

The following examples demonstrate how upon high heat
processing a large percentage of the UV absorbing compo-
nent becomes bound to the polycarbonate chain, and how
this aflects color stability in accelerated weathering. This 1s
shown for a current standard matenial used in automotive
headlamps (“COMP”’). C18 and C19, which correspond to
Ex18 and Ex19 but which do not include an acid stabilizer
component, are provided for comparison. Ex20 and Ex21,
which include compositions 1n accordance with the present
disclosure, demonstrate that by adding alternative phospho-
rous acid esters as heat stabilizer components, bonding of
UV absorbing component to the chain 1s prevented or
minimized. This provides better weathering performance
and lower loss of molecular weight (Mw) after high heat
processing.

These examples further illustrate that a good color sta-
bility property does not necessarily relate to good UV

retention properties. For example, COMP and C19 show a
relatively low change i YI upon processing (Initial Y]
molding of 1.17 and 2.34, respectively), but a high ratio of
bound to free UV absorbing component (3.78 and 2.7,
respectively). Accordingly, color stability and imitial color
are not good 1ndicators for the retention of the UV perfor-
mance and molecular weight. Rather, the loss of UV absorb-

ing component 1s related to a loss 1n molecular weight: the
examples with high levels of bound UV (COMP, C18 and
C19) also demonstrated a higher loss of molecular weight

(>>6%). In contrast, the examples according to aspects of the

disclosure—Ex18, Ex19, Ex20 and Ex21—each of which
had low levels of bound UV (ratio of bound to free UV
absorbing component less than 1.0) exhibited a molecular
weilght loss of 3.2% or less. This included Ex20 and Ex21,
which 1nclude PEPQ or DP (two phosphorous acid esters
with lower hydrolytic stability than IRG) as the heat stabi-
lizer component and which did not include a separate acid

stabilizer component.
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TABLE 8

Unit COMP Ex18 C1% Ex19
Component
PC1 wt % 17.3 17.3 17.3 17.3
PC?2 wt % 82.04 82.1 82.1 82.15
Irganox 1076  wt % 0.02 0.02 0.02 0.02
PETS wt % 0.3 0.3 0.3 0.3
Heat stabilizer type IRG IRG IRG IRG
component

wt % 0.06 0.08 0.08 0.08
UV absorbing type UV5411  UV5411  UV5411 LA31IRG
component

wt % 0.27 0.2 0.2 0.15
Acid stabilizer type H;PO, — H;PO,
component

ppm 4 4
Property
UV loss % 79 48 94 14
(350° C./15" vs
pellets)
Ratio of bound 3.8 0.92 16.5 0.16
to free UV
AY] weathering D1925 5.7 6.4 6.7 7.5
ISO 11341
(2250 hrs) after
300° C./6
molding
AYT weathering D1925 8.7 7.6 8.9 7.7
ISO 11341
(2250 hrs) after
350 C./15
molding

*contained tints

Combinations of Heat Stabilizer Components

Although not demonstrated in the present disclosure, the

30

C19 Ex20 Ex21
17.3 17.3 17.3
82.15 82.17 82.18
0.02 0.02 0.02
0.3 0.3 0.3
IRG PEPQ DP*
0.08 0.06 0.05
LA31RG LA3IRG LA31IRG
0.15 0.15 0.15
73 15 7.6
2.7 0.1% 0.08
7.6 7.1 0.8
9.8 7.1 0.6

combination of a low amount of a phosphite heat stabilizer ,,

component with another heat stabilizer component (such as
but not limited to IRG) may have a similar beneficial efiect.
Such combinations may limit the negative eflect on molecu-
lar weight loss.

The above description 1s intended to be illustrative, and 45

not restrictive. For example, the above-described examples
(or one or more aspects thereol) may be used 1n combination
with each other. Other embodiments can be used, such as by
one of ordinary skill in the art upon reviewing the above
description. The Abstract 1s provided to comply with 37
C.F.R. § 1.72(b), to allow the reader to quickly ascertain the
nature of the technical disclosure. It 1s submitted with the
understanding that 1t will not be used to interpret or limit the
scope or meaning of the claims. Also, 1n the above Detailed
Description, various features may be grouped together to
streamline the disclosure. This should not be interpreted as
intending that an unclaimed disclosed feature 1s essential to
any claim. Rather, inventive subject matter may lie 1n less
than all features of a particular disclosed embodiment. Thus,
the following claims are hereby incorporated into the
Detailed Description as examples or embodiments, with
cach claim standing on 1ts own as a separate embodiment,
and 1t 1s contemplated that such embodiments can be com-
bined with each other 1n various combinations or permuta-
tions. The scope of the invention should be determined with
reference to the appended claims, along with the full scope
of equivalents to which such claims are entitled.
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That which 1s claimed 1s:

1. A method for forming a molded article comprising:

combining a polycarbonate resin produced by an interfa-
cial polymerization process and having an endcap level
of at least about 98%; an ultraviolet (UV) absorbing
component; a heat stabilizer component; and an acid
stabilizer component comprising butyl p-toluene-
sulfonate to form a mixture, wherein the acid stabilizer

1s present 1n the composition 1n an amount of about 0.6
to about 2 ppm; and
forming the molded article from the mixture by molding
the mixture under abusive molding conditions;

wherein the molded article comprises a ratio of bound UV
absorbing component to free UV absorbing component
of less than about 1.0;

wherein the abusive molding conditions comprise mold-
ing at a maximum molding temperature of 330 to less
than 340° C. at a residence time of at least 10 minutes,
or a maximum molding temperature of 340 to less than
360° C. at a residence time of at least 6 minutes, or a
maximum molding temperature of at least 360° C. at a
residence time of at least 3 minutes.

2. The method for forming the molded article according to
claam 1, wherein the acid stabilizer component further
comprises phosphorous acid, phosphoric acid, or a combi-
nation thereof.

3. The method for forming the molded article according to
claim 1, wherein the article comprises an automotive light-
ing lens.

4. The method for forming the molded article according to
claim 1, wherein the article comprises a head lamp cover, a
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head lamp lens, an inner lens, a fog lamp lens, a rear lamp
lens, a rear lamp inner lens, an interior lamp lens, or 1is
suitable for use 1 light guide, automotive glazing or window
applications.

5. The method for forming the molded article according to
claim 1, wherein the UV absorbing component comprises a
benzotriazole compound, a triazine compound, or a combi-
nation thereof.

6. The method for forming the molded article according to
claiam 1, wherein the UV absorbing component comprises
2-(2'-hydroxy-5'-tert-octylphenyl )benzotriazole,  2-(2-hy-
droxy-3,5-dicumyl)benzotriazole, 2,2'-methylenebis|6-(2H-
benzotriazol-2-yl)-4-(1,1,3,3-tetramethylbutyl)phenol], or a
combination thereof.

7. The method for forming the molded article according to
claim 1, wherein the heat stabilizer component comprises
tris-(2,4-di-tert-butyl phenyl)phosphite, triphenylphosphine,
or a combination thereof.

8. The method for forming the molded article according to
claim 1, wherein the polycarbonate resin 1s produced from
a bisphenol A polymer having a purity of at least about
99.70%, a hydroxyl content less than 100 ppm by weight,
and which contains less than 2 ppm sulfur.

9. The method for forming the molded article according to
claim 1, wherein the polycarbonate resin exhibits a molecu-
lar weight loss of less than about 10% as compared to the
molecular weight of the polycarbonate resin prior to the
abusive molding.

10. The method for forming the molded article according
to claim 1, wherein the ratio of bound UV absorbing
component to free UV absorbing component 1s less than
about 0.66 when molded under abusive molding conditions.

11. The method for forming the molded article according
to claim 1, wherein the ratio of bound UV absorbing
component to free UV absorbing component 1s less than
about 0.33 when molded under abusive molding conditions.

12. The method for forming the molded article according
to claim 1, wherein the ratio of bound UV absorbing
component to free UV absorbing component 1s less than
about 0.17 when molded under abusive molding conditions.

13. The method for forming the molded article according
to claim 1, wherein the molded article, when tested 1n
accordance with ASTM D1925 (1988) using a 2.5 mm thick
plaque, has a yellowing index (Y1) less than about 4.0, or a
YT of less than about 3.5, or a Y1 of less than about 3.0, or
a YI of less than about 2.5, or a YI of less than about 2.0, or
a YI of from about 1.0 to about 2.5.

14. The method for forming the molded article according
to claim 1, wherein the molded article, when tested 1in
accordance with ASTM D1925 (1988) using a 2 mm thick
plaque, exhibits an increase 1n Y1 of less than about 4.0 after
2000 hours of heat aging at 120° C., or an increase 1 Y1 of
less than about 3.5 after 2000 hours of heat aging at 120° C.,
or an increase 1 Y1 of less than about 3.0 after 2000 hours
of heat aging at 120° C., or an increase 1n YI of less than
about 2.5 after 2000 hours of heat aging at 120° C., or an
increase in Y1 of less than about 2.0 after 2000 hours of heat

aging at 120° C., or an increase 1 Y1 of from about 1.0 to
about 4.0 after 2000 hours of heat aging at 120° C.
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15. The method for forming the molded article of claim 1,

wherein the UV absorbing component comprises a ben-
zotriazole compound, a triazine compound, or a com-
bination thereof; and

wherein the heat stabilizer component comprises tris-(2,
4-di-tert-butyl phenyl)phosphite, triphenylphosphine,
or a combination thereof.

16. A method for forming a molded article comprising:

combining a polycarbonate resin produced by an interfa-

cial polymerization process and having an endcap level
of at least about 98%; an ultraviolet (UV) absorbing
component; a heat stabilizer component comprising
tetrakis(2,4-di-tert-butylphenyl)-4,4-biphenyldiphos-
phonite), bis(2,4-dicumyl phenyl) pentaerythritol
diphosphite, tridecylphosphite, diphenyl monodecyl
phosphite, or combinations thereof, and an acid stabi-
lizer component to form a mixture, wherein the acid
stabilizer component comprises butyl p-toluene,
sulfonate, wherein the acid stabilizer 1s present 1n the
composition 1n an amount of about 0.6 to about 2 ppm
and

forming the molded article from the mixture by molding
the mixture under abusive molding conditions;

wherein the molded article molded under abusive molding
conditions and comprises a ratio of bound UV absorb-
ing component to free UV absorbing component of less
than about 1.0;

wherein the abusive molding conditions comprise a maxi-
mum molding temperature of 330 to less than 340° C.
at a residence time of at least 10 minutes, or a maxi-
mum molding temperature of 340 to less than 360° C.
at a residence time of at least 6 minutes, or a maximum
molding temperature of at least 360° C. at a residence
time of at least 3 minutes.

17. A method for forming a molded article comprising:

combining a polycarbonate resin produced by an interfa-
cial polymerization process and having an endcap level
of at least about 98%; an ultraviolet (UV) absorbing
component; a heat stabilizer component; and an acid
stabilizer component comprising butyl p-tolene-
sulfonate to form a mixture; wherein the acid stabilizer
1s present 1n the composition 1n an amount of about 0.6
to about 2 ppm; and

forming the molded article from the mixture by molding
the mixture under abusive molding conditions;

wherein the molded article was formed by abusive mold-
ing and the polycarbonate resin exhibits a molecular
weight loss of less than about 10% as compared to the
molecular weight of the polycarbonate resin prior to the
abusive molding;

wherein the abusive molding comprised a maximum
molding temperature of 330 to less than 340° C. at a
residence time of at least 10 minutes, or a maximum
molding temperature of 340 to less than 360° C. at a
residence time of at least 6 minutes, or a maximum
molding temperature of at least 360° C. at a residence
time of at least 3 minutes.
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